Maternal and neonatal morbidity: repeat Cesarean versus a trial of labour after previous Cesarean delivery Abstract Purpose: The purpose of this study was to perform a meta-analysis comparing the rates of uterine rupture, and other maternal and neonatal complications, between women who undergo a trial of labour (TOL) after a prior Cesarean delivery and those to undergo elective repeat Cesarean delivery (ERCD).
Cesarean delivery is one of the most commonly performed surgical procedures, and elective repeat Cesarean delivery (ERCD) accounts for a large proportion of Cesarean deliveries [1, 2] . While ERCD is considered relatively low risk, it is associated with maternal and neonatal complications. The primary neonatal complication is respiratory morbidity [3] , whereas maternal complications include placenta accreta, visceral injury, intensive care unit admission, hysterectomy, blood transfusion and a longer hospital stay [4] .
A trial of labour (TOL) and subsequent vaginal birth after Cesarean delivery (VBAC) has been advocated as a method to reduce the rate of Cesarean deliveries and subsequent maternal and neonatal morbidity [5] ; however, TOL after Cesarean delivery is not without risk; including endometritis, blood transfusion [6] and, the most catastrophic, uterine rupture [7] . Prior Cesarean delivery is the most common cause of uterine rupture, though the frequency during TOL labour is <1% [8] . While uterine rupture is associated with severe maternal and perinatal morbidity, overall outcomes are generally favorable [9, 10] .
An early metaanalysis of articles published from 1982-1989 did not identify advantages of ERCD as compared with TOL with respect to uterine rupture and perinatal death [11] . A subsequent meta-analysis of articles published from 1989 to 1999 reported a higher rate of uterine rupture and perinatal death following TOL than with ERCD [12] . More recently, an apparent increase in the frequency of uterine rupture and concern about maternal and perinatal morbidity has called into question the safety and appropriateness of TOL and VBAC [6] , and a 2015 meta-analysis indicated that induction of labour in patients with a prior Cesarean delivery increases the risk of uterine rupture and repeat Cesarean delivery [13] .
The purpose of this study was to perform a systematic review of the literature and meta-analysis comparing the rates of uterine rupture and other maternal and neonatal complications between women who underwent TOL after a prior Cesarean delivery and those who underwent ERCD.
Materials and Methods

Literature search strategy and study selection
This systematic review and meta-analysis was conducted in accordance with PRISMA guidelines [14] . Medline, Cochrane, EMBASE and Google Scholar were searched from inception until May 6, 2015, u s i n g c o m b i n a t i o n s o f t h e keywords/phrases: trial of labour, Cesarean section, elective, repeat, pregnancy and vaginal birth. Reference lists of relevant studies were hand-searched. Inclusion criteria were as follows: 1) randomized controlled trials (RCTs), two-arm prospective, one-arm and retrospective studies; 2) maternal and perinatal outcomes were compared between women who had TOL and those who underwent ERCD without labour or other indications for Cesarean delivery; and, 3) quantitative outcome data were reported. Cohort studies, letters, comments, editorials, case reports, proceedings, and personal communications were excluded, as were studies in which no quantitative primary outcome data were reported.
Studies were identified by the search strategy by two independent reviewers. Where there was uncertainty regarding eligibility, a third reviewer was consulted. The following information/data were extracted from studies that met the inclusion criteria: the name of the first author, year of publication, study design, number of participants in each group, participants' age, body mass index (BMI) at the first prenatal visit, previous vaginal delivery and Cesarean delivery history and quantitative outcome data.
Quality assessment
The quality of the included studies was examined using the tool developed by Hayden et al. [15] . Briefly, six sources of bias related to study participation, study attrition, measurement of prognostic factors, measurement of and controlling for confounding variables, measurement of outcomes and analysis approaches were examined.
Outcome measures and data analysis
The primary outcome measure was the rate of uterine rupture. Secondary outcomes were the rates of postpartum hemorrhage, endometritis, hysterectomy, thromboembolic disease, neonatal intensive care unit (NICU) admissions, neonatal respiratory problems, neonatal sepsis and neonatal mortality. Neonatal respiratory problems included respiratory distress, transient tachypnea of the newborn, pneumonia and meconium aspiration. The Peto odds ratio (OR) with 95% confidence interval (CI) was used as the measure of effect size in order to avoid problems with computation of estimates and standard errors when the events are very rare [16, 17] . An OR > 1 indicated a higher likelihood of a maternal or neonatal complication in the TOL group compared with the ERCD group.
Heterogeneity among the studies was assessed by the Cochran Q and the I 2 statistics. A Q statistic with a p < 0.10 was considered to indicate statistically significant heterogeneity. The I 2 statistic indicates the percentage of the observed between-study variability due to heterogeneity, and a value > 50% was considered to indicate significant heterogeneity. If heterogeneity existed between studies (Q statistic p < 0.1 or an I 2 statistic > 50%), a random-effects model (DerSimonian-Laird method) of analysis was used. Otherwise, a fixed-effects model was used (Mantel-Haenszel method). Pooled estimates across studies for each outcome were generated. A two-sided p-value < 0.05 was considered statistically significant.
To account for the inclusion of women with both successful and failed TOL in the same study, we specifically compared the effect of successful TOL with ERCD on all outcomes. Sensitivity analysis was performed based on the leave-one-out approach in which each study was removed in turn. We further performed subgroup analyses to examine whether the pooled results regarding uterine rupture might be influenced by study quality. Furthermore, funnel plots were created and a one-sided Egger's test was performed to evaluate publication bias for the primary outcome. All statistical analyses were performed using the statistical software Comprehensive Meta-Analysis, version 2.0 (Biostat, Englewood, NJ, USA).
Results
Literature search
A flow diagram of study selection is shown in Figure 1 . A total of 328 records were identified in the database searches. After screening by titles and abstracts, 308 non-relevant studies were excluded and the full texts of 20 articles were assessed. Of these, four were excluded, the reasons for which are shown in Figure 1 ; thus, 16 studies were included in the meta-analysis [6, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] .
Study characteristics are summarized in Table 1 . Of the 16 studies, six were prospective and 10 were retrospective. The number of patients ranged from 121 to 39,117, with a mean patient age of 27.8 to 33.9 years. Less than half of the patients had a previous vaginal delivery, with incidence ranging from 
Primary outcome
Nine studies [6, 20, 22, 25, [27] [28] [29] [30] 32] provided data with respect to uterine rupture during TOL (Figure 2 ). There was evidence of large heterogeneity among the studies (Q = 26.68, p = 0.001, I 2 = 70.0%), and a random-effects model of analysis was used. The pooled results showed that TOL after a prior Cesarean delivery was associated with higher odds of uterine rupture as compared with ERCD (Peto OR = 4.685, 95% CI: 3.077 to 7.133, p < 0.001).
Secondary outcomes
The pooled results for secondary outcomes are summarized in Table 2 . There were no differences between the TOL and ERCD groups with respect to NICU admissions 
Comparison between successful TOL and ERCD
Four studies [6, 25, 27, 30] provided data to examine the risk of uterine rupture between women with a successful TOL and ERCD. The risk of uterine rupture with a successful TOL was not significantly higher than with ERCD (Peto OR = 1.945, 95% CI: 0.337 to 11.216, p = 0.457) (Figure 3 ). Secondary outcomes with at least two studies reporting results were included in the analysis, and results are summarized in Table 3 . There was no significant difference in the risk of endometritis between successful TOL and ERCD (Peto OR = 0.769, 95% CI: 0.433 to 1.367, p = 0.371). Newborns in the successful TOL group had a lower likelihood of respiratory problems than those in the ERCD group (Peto OR = 0.561, 95% CI: 0.323 to 0.973, p = 0.040).
Sensitivity analysis
Sensitivity analysis using the leave-one-out approach indicated that the magnitude and direction of the associations between TOL after prior Cesarean delivery and uterine rupture did not change significantly when studies were removed in turn, indicating the result of the meta-analysis was reliable ( Figure  4 ).
Subgroup analysis by study quality
Subgroup analyses for the effect of TOL vs. ERCS on uterine rupture according to study quality (study attrition and accounting for confounders) was performed, and there was no difference in the risk of uterine rupture between TOL and ERCD regardless of the influence of study attrition and accounting for confounders (Supplemental Table 1 ).
Publication bias
A funnel plot for the evaluation of publication bias with respect to the primary outcome is shown in Figure 5 
Quality assessment
Quality assessment results are summarized in Figure 6 . Overall, there was low risk of bias in study participation, prognostic factor measurement, and analysis, but relative high risk in confounding measurement and accounting for confounders.
Discussion
The main finding of the current analysis was that TOL after previous Cesarean delivery was associated with a higher risk of uterine rupture than ERCD. Women in the TOL group had a higher rate of endometritis, but a lower rate of hysterectomy. Newborns in the TOL group had lower possibility of respiratory problems, and there were no differences between the TOL and ERCD groups with respect to NICU admissions, postpartum hemorrhage, thromboembolic disease, sepsis and neonatal mortality. The results need to be interpreted with caution, however, due to the large degree of heterogeneity between studies.
Though the overall risk of uterine rupture is low for both TOL after prior Cesarean delivery (<1%) and ERCD (0.03%) [8, 33] , the relative risk for women undergoing TOL is 20.47 (95% CI: 9.77 to 44.02, p < 0.001) as compared with ERCD [33] . Factors increasing the risk of uterine rupture after a prior Cesarean delivery include multiple gestation, BMI >30 kg/m 2 , a pregnancy interval shorter than 24 months, gestational age >40 weeks, estimated fetal weight >4,000 grams, and prostaglandin administration [33, 34] . Although low, the absolute risk of maternal death is greater for women to undergo ERCD vs. TOL (0.013% vs. 0.004%) [33] .
A 2008 systematic review and meta-analysis examined maternal morbidity associated with TOL after prior Cesarean delivery and ERCD [35] . The results showed that VBAC was successful in 17,905 of 24,349 patients (73%). Maternal morbidity, blood transfusion and hysterectomy were similar in women planning VBAC or ERCD, whereas the rate of uterine rupture was greater with TOL (1.3% vs. 0.4%). Maternal morbidity, uterine rupture, blood transfusion and hysterectomy were more common after failed TOL (17%, 4.4%, 3% and 0.5%, respectively) than after successful VBAC (3.1%, 0.2%, 1.1% and 0.1%, respectively) or ERCD (4.3%, 0.4%, 1% and 0.3%, respectively). A more recent meta-analysis indicated that induction of labour increases the risk of uterine rupture in women with a prior Cesarean delivery [13] .
Factors associated with an increased likelihood of successful VBAC include history of prior vaginal delivery or VBAC, non-recurring indication for prior Cesarean delivery (e.g., malpresentation), and spontaneous rupture of the membranes or favorable cervix at the time of presentation [33, 36] . Factors associated with a decreased likelihood of successful VBAC include obesity (BMI > 30 kg/m 2 ), gestational age >40 weeks, estimated fetal weight >4,000 grams and induction of labour [33, 34, 36, 37] .
Study has shown that perinatal mortality (stillbirth or death within 28 days after birth) and neonatal mortality (death within the first 28 days after birth) are increased in TOL as compared to ERCD (0.13% vs. 0.5%, and 0.11% vs. 0.06%, respectively) [33] . The impact of TOL vs. ERCD on neonatal respiratory complications is less clear. The incidence of bag mask ventilation/transient tachypnea of the newborn appears similar between infants born after TOL and ERCD (5.4% vs. 2.5%, respectively) [33] . While a review indicated that the incidence of hypoxic-ischemic encephalopathy or asphyxia was not different between infants born after TOL vs. ERCD [33] a prospective 4-year observational study that included over 33,000 women with a prior Cesarean delivery reported that hypoxic-ischemic encephalopathy occurred in no infants in the ERCD group while 12 cases were noted in the TOL group (p < 0.001); seven of the cases followed uterine rupture and there were two neonatal deaths [6] . Our study did not examine induction of labour vs. expectant management after a prior cesarean delivery. A recent report by Lappen et al. [38] , which included 6,033 women attempting TOL after a prior Cesarean delivery, found that induction of labour in women with one prior Cesarean delivery was associated with an increased risk of failed VBAC as compared with expectant management. Another study indicated that induction after a single Cesarean delivery with oxytocin and amniotomy where the cervix is favorable is not associated with added maternal or fetal morbidity [39] .
There are limitations to this analysis that need to be considered. There was moderate to extreme heterogeneity among studies with respect to uterine rupture, postpartum hemorrhage, endometritis, sepsis and NICU admission. On the other hand, the sensitivity analysis indicated that the pooled estimates regarding uterine rupture were reliable. The publication time of the studies in the current analysis varied greatly, from 1989 to 2014, and methods and standards of care have changed over this period of time. The overall results may be different if older studies had been excluded from the analysis. The gestational age inclusion criteria varied between the studies, and this may have influenced the results. Lastly, no RCTs were identified in the literature search. The lack of RCTs on this topic is likely due to the difficult in recruiting patients willing to be randomized with respect to TOL.
In conclusion, the results of this meta-analysis suggest that TOL after previous Cesarean delivery is associated with a greater risk of uterine rupture and endometritis, but lower risk of hysterectomy and neonatal respiratory problems than ERCD. 
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